In several real networks large heterogeneity of links is present either in intensity or in the nature of relationships. Therefore, recent studies in network science indicate that more detailed topological information are available if weighted or multi-layer aspect is applied. In the age of globalization air transportation is a representative example of huge complex infrastructure systems, which has been analyzed form different points of view. In this paper a novel approach is applied to study the airport network as a weighted multiplex taking into account the fact that the rules and fashion of domestic and international flights differ. Restricting study to only topological features and their correlations in the system (disregarding traffic) one can see reasons why simple network approximation is not adequate. 1 Introduction 1 Through the researches of this century a new field of sci-2 ence got into the focus of attention. Network science tries 3 to describe and understand how the units of a large com-4 plex system interact or connect to each other. Theoretical 5 models [1-5] are developed to characterize the structural 6 properties and dynamics of broad range of real world net-7 works [6-11] having emergent behavior. Description of net-8 works become more detailed by introducing weights of in-9 teractions [12-14] or the multilayer network aspect [15-21] 10 or both [22]. 11 Transportation systems, telecommunication networks, 12 electrical grids or other interdependent critical infrastruc-13 tures have remarkable effect to economy and our everyday 14 life. These networks play a part in several dynamical pro-15 cesses such as spreading of diseases or information, cas-16 cading failures and so forth [23-26]. In order to predict 17 and understand these processes first we have to analyze 18 the structure of the underlying networks.
between them? To answer these questions a multiplex de-30 scription is applied. Additionally not just the existence of 31 a connection between two given airports can be impor-32 a e-mail: varga.imre@inf.unideb.hu tant, but some kind of intensity of their relationship also 33 (e.g. on a popular link more airlines operate). 34 In Section 2 the weighted multiplex description of 35 global air route network is presented and the terminol-36 ogy is introduced. In Section 3 the topological analysis 37 and its results are shown in regard to correlations. The 38 paper is closed with conclusions in Section 4. In this work the data source of the world-wide air trans-42 portation system was used provided by OpenFlight [27] . 43 The dataset contains the source and destination airports 44 (and their countries) of non-stop direct flight routes of air-45 lines. Almost 3200 airports are connected by more than 46 66 500 directed routes of 540 airlines in 226 countries of 47 the world.
48
In order to proceed the general analysis of the sys-49 tem it is considered as a graph, where the vertices are 50 separate airports (not cities with one or more airports). 51 Almost all routes between airport pairs in the dataset are 52 symmetrical, i.e. if there is a direct flight from A to B 53 then there exists a flight from B to A as well. This work 54 is restricted to only symmetrical cases representing the 55 connections of nodes by undirected links. While numer-56 ous airlines (with several flights) can operate between two 57 given airports links can be considered to be weighted. In 58 the aspect of this topological study the strength of con-59 nection can be captured better by the number of different 60 airlines, than the number of flights from the source to the 61 destination in a given time interval. Thus the w ij ∈ N 62 weight of a link between nodes i and j is measured by the 63 number of airlines operate between them. This means if 64 where node i and j is connected in their model. In order 8 to take into account the differences between international 9 and domestic routes two types of links are introduced.
10
Based on this the airport network is a multiplex of two 11 network layers. One of them contains routes between air-12 ports of the same country while the other refers to inter-13 national routes. A small part of the system is illustrated 14 in Figure 1 . 
where α ∈ {Int., Dom.} and a 
23
The degree of the multiplex nodes is also a vector
where k
is the number of neighbors of node i in layer α. 25 The total number of links in layer α is N
i . 26 Important to mention that k [α] i is interpreted in a weighted 27 network that is more available airlines between a pair of 28 airports does not change the degree, however changes the 29 opportunities of travelers.
30
The aggregated topological adjacency matrix can be 31 in the same country or in different countries so a special 55 property of the system is that there are no multi-links or 56 overlapping edges.
57
While most of airports have only a few connections, 58 some huge airports have hundreds of links. This network is 59 scale-free as found earlier [8, 12] for air transportation net-60 works. The degree distribution of each layer obeys power-61 law form with an exponential cut-off
where k x is a cut-off distance (see the inset of Fig. 2 ). 63 The exponent γ and the cut-off distance k x are definitely 64 different in the two layers.
65
Beside the degree distribution, the distribution of link 66 weights is also an important property of the system. From 67 the point of view of this quantity the layers do not differ. 68 The weight distribution is exponential with the same value 69 of the coefficient in the exponent (see Fig. 2 ). As the figure 70 shows there are direct routes between airports where more 71 than 10 airlines are present in both layers. Nodes can be 72 characterized by their strength as well, written as: 
where node i has more then one connections in the given 25 layer (k of layer α is the average weighted clustering coefficient
As it is known the average topological clustering coeffi-30 cient C [α] is smaller than C w [α] , if links with large weights 31 tend to form triplets, while in uncorrelated (randomized) 32 network C [α] = C w [α] . In this air transportation multiplex 33 C w[Int.] = 0.356 ± 0.323 and C w[Dom.] = 0.475 ± 0.423, so 34 they are clustered networks. Both values are a bit above 35 the unweighted C [α] value, but the differences are smaller 36 than the margin of errors. In this way the correlation be-37 tween topology and weights cannot be significant.
38
Due to economic reasons most travelers choose routes 39 between two given airport minimizing the number of 40 transfer at internal airports. This is why the L ij shortest 41 path length between node i and j is an important quantity 42 in this network. The diameter of a network can be defined 43 as D = max(L ij ). In the Domestic and International mul-44 tiplex layer the diameter is D = 10 and D = 8, respec-45 tively, while the average shortest path length over nodes 46 L is a bit above 3.0 in both cases. The cumulative dis-47 tribution of the shortest path length of these small-word 48 networks is shown in Figure 4 . 49 To measure the importance of airport m normalized 50 betweenness centrality c B (m) can be introduced, which 51 shows how many percentage of the shortest paths of clus-52 ter from node i to j pass through node m (i, j = 1, . . . , N N 53 and i, j = m). The average value of c B differs within the 54 two layers of the multiplex, c characterize correlation between layers of multiplex inter-28 layer degree correlation was introduced as [Dom.] shows also 36 low positive correlation by its increasing trend (see Fig. 5 ). 37 Ranking the airports by degree in both layers the weak 38 correlation becomes self-evident. Only 6 airports are both 39 in the top 50 most connected airports of the two separate 40 layers.
41

Conclusions
42
A study of world-wide air transportation network is pre-43 sented, which points out the differences of the route net-44 works of Domestic and International flights by consider-45 ing the global system as a weighted multiplex with two 46 layers. The effects of weights and the relationship of the 47 weights and the topology is highlighted in order to realize 48 the differences of the layers. It was found that the simplex 49 airport network hides many details of this complex system. 50 Layers are relevant entities of the network, because they 51 are different from each other and different from the aggre-52 gated network as well. On of the most important results 53 is that only the multiplex approach can tell us that statis-54 tically only 2 or 3 passport controls are necessary during 55 a long travel containing more than 10 direct fights. In this 56 way taking layers (in macroscopic scale) and weights (in 57 micro scale) into account leads to a better description of 1 emergent systems.
